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1.0 INTRODUCTION 

The gXCSlRA/RB/RC is a highly integrated 8-bit mi- 
erocontroUer based on the MCS* 51 architecture. As a 
member of the MCS 51 family, the 8XC51RA/RB/RC 
is optimized for control applications. Its key features 
are 512 bytes on-chip RAM and watchdog timer. Also 
included are an enhanced serial port for multi-proces- 
sor communications, an up/down timer/counter and 
enhanced program lock scheme for the on-chip pro- 
gram memory. Since the 8XC51RA/RB/RC products 
are CHMOS, they have two software selectable reduced 
power mo#S: tiUe Mode and Power Down Mode. 

The 8XC51RA/RB/RC uses the standard 8051 in- 
struction set and is pin-for-pin compatible with the ex- 
isting MCS 51 binily of products. 

This document presents a comprehensive description of 
the on-chip hardware features of the 8XC51RA/RB/ 
RC. It begins with a discussion of the on-chip memory 
and then dlscuraes each of the peripherals Usted below. 

• 512 Bytes On-Chip RAM 

• Hardware Watchdog Timer (One-Time Enabled 

with Reset-Out) 

• ALE Disable/Enable 

• Four 9^ 'tttteieetional Parallel Ports 

• tliree 16-Bit Timer/Counters with 

— One Up/Down Timer/Counter 

— Clock Out 

• Full-Duplex Programmable Serial Port with 

— Framing Error Detection 

— Automatic Address Recognition 

• Interrupt Structure with 

— Seven Interrupt Sources 

— Four Priority Levels 

• Power-Saving Modes 

— Idle Mode 

— Power Down Mode 

• Thi<ee^«wet^regrun Lock System 

Table 1 summarizes the product names and memory 
differences of the various 8XC51RA/RB/RC products 
currently available. Throughout this document, the 
products will generally be referred to as the C51RX. 
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Table 1. C51RX Family of Microcontrollers 



ROM 

Device 


EPROM 
Version 


ROMiess 
Version 


ROM/ 
EPROM 
Bytes 


RAM 

Bytes 


83C51RA 


87C51RA 


80C51 RA 


8K 


512 


83C51RB 


87C51RB 


80C51 RA 


16K 


512 


83C51RC 


87C51RC 


80C51 RA 


32K 


512 



2.0 MEMORY ORGANIZATION 

All MCS-51 devices have a separate address space for 
Program and Data Memory. Up to 64 Kbytes each of 
external Program and Data Memory can be addressed. 

2.1 Program Memory 

If the EA pin is connected to V^Si ^Sl program fetches 
are directed to external memory. On the 83CS1RA (or 
g7C51RA), if the EA pin is connected to Vcc. Aen 
program fetches to addrrases OOOOH through IFFFH 
are directed to internal ROM and fetches to addresses 
2000H through FFFFH are to external memory. 

On the 83C51RB (or 87C51RB) if EA is connected to 
VCC, program fetches to addresses OOOOH through 
3FFFH are directed to internal ROM, and fetches to 
addresses 4000H through FFFFH see to external mem- 
ory. 

On the 83C51RC (or 87C51RC) if EA is connected to 
Vcc. program fetches to addresses OOOOH through 
7FFFH are directed to internal ROM or EPROM and 
fetches to addresses 8000H through FFFFH are to ex- 
ternal memory. 

2.2 Data Memory 

The C51RX has internal data memory that is mapped 
into four separate segments: the lower 128 bytes of 
RAM, upper 128 bytes of RAM, 128 bytes special func- 
tion register (SFR) and 256 bytes expanded RAM 

The four segments are: 

1. The Lower 128 bytes of RAM (addresses OOH to 
7FH) are directly and indirectly addressable. 

2. The Upper 128 bytes of RAM (addresses 80H to 
FFH) are indirectly addressable only. 

3. The Special Function Registers, SFRs, (addresses 
80H to FFH) are directly addressable only. 

4. The 256-bytes expanded RAM (ERAM, OOH- 
FFH) are indirectly accessed by move external in- 
struction, MOVX, and with the EXTRAM bit 
cleared. 
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FHiura 1. 8XC51RA/RB/RC Functional Bleek Db^tam 



The Lower 128 bytes can be accessed by either direct or 
indirect addressing. The Upper 128 bytes can be ac- 
cessed by indirect addressing only. The Upper 128 
bytes occupy the same address space as the SFR. That 
means they have the same address, but fle phjr^caUy 
se{»rate from SFR ^lace. 

Wlien <U imttruction accesses an internal location above 
address 7FH, the CPU knows whether the access is to 
the upper 128 bytes of data RAM or to SFR space by 
the addressing mode used in the instruction. Instruc- 
tions that OW (UreK addressing access SFR space. For 
example: 

MOV OAOH,* data 



accesses the SFR at location OAOH (which is P2). In- 
structions that use indirect addressing access the Upper 
128 bytes of data RAM. Vot example: 

MOVeR0,#i^ 

where RO contains OAOH, accuses the data byte at ad- 
dress OAOH, rather than P2 (whose address is OAOH). 

The 256 bytes ERAM can be accessed by indirect ad- 
dressing, with EXTRAM bit cleared and MOVX in- 
structions. This part of memory is physically located 
on-chip, logically occupies the first 2S6-bytes of exter- 
nal d^ memory. 
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Table 2. AUXR: Auxiliary Register 
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Address = 8EH 



Not Bit Addressable 



Reset Value = xxxx xxOOB 
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Disable/Enable ALE 

DISALE Operating IMode 

ALE is emitted at a constant rate of 1 /6 the oscillator frequency 

1 ALE is active only during a MOVX or MOVC Instruction 

Internal/External RAM (OOH-FFH) access using MOVX @Ri/@DPTR 
Reserved for future expansion 
EXTRAM Operating Mode 

Internal ERAM (OOH-FFH) access using MOVX @Ri/®DPTR 

1 External data memory access 
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Figure 2. Internal and External Data Memory Address Space with EXTRAM = 



With EXTRAM = 0, the ERAM is indirectly ad- 
dressed, using the MOVX instruction in combination 
with any of the registers RO, Rl of the selected bank or 
DPTR. An access to ERAM will not affect ports PO, 
P2, P3.6 (WR#) and P3.7 (RD#). For example, with 
EXTRAM. « . 

Wpmi @llO,# dsta 

where RO contains OAOH, access the ERAM at address 
OAOH rather than external memory. An access to ex- 
ternal data memory locations higher than FFH (i.e. 
OlOOH to FFFFH) will be performed with the MOVX 
DPTR instructions in the same way as in the standard 
MCS® 51, so with PO and P2 as data/address bus, and 
P3.6 and P3.7 as write and read timing signals. Refer to 
Figure 2. 



With EXTRAM = 1, MOVX @Ri and MOVX 
@DPTR will be similar to the standard MCS® 51. 
MOVX @Ri will provide an eight-bit address multi- 
plexed with data on PortO and any output port pins can 
be used to output higher order address bits. This is to 
provide the external paging capabiUty. MOVX 
@DPTR will generate a sixteen-bit address. Port2 out- 
pi^ the high-order eight address bits (the contents of 
DPH) while PortO multiplexes the low-order eight ad- 
dress bits (DPL) with data. MOVX @Ri and MOVX 
@DPTR will generate either read or write signals on 
P3.6 (#WR) and P3.7 (#RD). 

The stack pointer (SP) may be located anywhere in the 
256 bytes RAM (lower and upper RAM) internal data 
memory. The stack may not be located in the ERAM. 
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3.0 SPECIAL FUNCTION REGISTERS 

A map of the on-chip memory area called the SFR 
(^p^sai Wwtim Btei^ter) space is skowii in Table 3. 

Note tt*t not all of the addresses are occupied. Unoc- 
cupied itSiimees are not tmplianented on the chip. 
SmA w^taes to ttese addicsses will in genetal return 
nadom Acta, and write accesses will have no eHecL 

User software should not write Is to these unimple- 
mented locations, since they may be used in future 
MCS-51 products to invoke new features. In that case 
the reset or inactive values of the new bits will always 
be 0, and ttuii active values will be 1. 



The functions of the SFRs are outlined below. More 
information on the use of specific SFRs for each periph- 
eral is included in the description of that peripheral. 

Acenmalator: ACC is the Accumulator register. The 
mnanonics for Accumulator-Specific instructions, 
however, refer to the Accumulatcn' simply as A. 



Table 3. 8XC51RA/RB/RC SFR Map and Reset Values 
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Table 4. PSW: Program Status Word Register 



PSW Address = ODOH Reset Value = 0000 OOOOB 

Bit Addressable 



CY 


AC 


FO 


RSI 


RSO 


OV 




P 



HI 7 6 5 4 3 2 1 

.S^Bai»rt [ "ttiftetton 

CY Carry flag. 

AC Auxiliary Carry flag. (For BCD Operations) 

FO Flag 0. (Available to the user for general purpose^. 

RS1 Register bank select bit 1 . 

RSO Register bank sslieetM 0. 

RS1 RSO Working Register ^Ak anil iMMrM* 









BankO 


(00H-07H) 





1 


Bank 1 


(08H-OFH) 


1 





Bank 2 


(10H-17H) 


1 


1 


Banks 


(16H-1FH) 



OV Overflow flag. 

— User definable flag. 

P Parity flag. Set/ cleared by hardware each instruction cycle to Indicate an odd/even 

number of "one" bits in the Accumulator, I.e., even parity. 



B Register: The B register is used during multiply and 
divide operations. For other instructions it can be treat- 
ed as another scratch pad register. 

Stack Pointer: The Stack Pointer Register is 8 bits 
wide. It is incremented before data is stored during 
PUSH and CALL executions. The stack may reside 
anywhoe in on-dnp RAM. On reset, the Stack Pointer 
is inttiaKzed to 07H causing the stack to begin at loca- 
tion 08H. 

Data Pointer: The Data Pointer (DPTR) consists of a 
high byte (DPH) and a low byte (DPL). Its intended 
function is to hold a 16-bit address, but it may be ma- 
nipulated as a 16-bit i^tst^' or as two ind^ieiideat 
8-bit registers. 

Program Status Word: The PSW register contains pro- 
gram sMS MRSMtion as d^ailed in Table 4. 

Ports a-Wt'Wi0tSm PO, PI, P2, and P3 are the SFR 
latches ofPoft 6, Peat 1, Port 2, and Port 3 respective- 
ly. 

Tinier Registers: Register pairs (THO, TLO), (THl, 
TLl), and (TH2, TL2) are the 16-bit count registers for 
Timer/Counters 0, 1, and 2 respectively. Control and 
status bits are contained in registers TCON and TMOD 



for Timers and 1 and in registers T2CON and 
T2MOD for Timer 2. The register pair (RCAP2H, 
RCAP2L) are the capture/reload registers for Timer 2 
in 16-bit capture mode or l&iit auto-rekad mode. 

Serial Port Registers: The Serial Data Btffer. SBUF, 
is actually two separate registers: a transmtt bui^ and 
a Feceive buffer raster. When data is moved to SBUF, 
it goes to the transmit buffer where it is held for serial 
transmission. (Moving a byte to SBUF initiates the 
transmission). When data is moved from SBUF, it 
comes from the receive buffer. Register SCON contains 
the control and status bits for the Serial Port. Registers 
SADDR and SADEN are used to defme the Given and 
the Broadcast addresses for &e Automatic Address 
Recognition feature. 

Interrupt Registers: The individual interrupt enable 
bits are in the IE register. Two priorities can be set for 
each of the 7 interrupts in the IP register. 

Power Control Register: PCON controls the Power 
Reduction Modes. Idle and Power Down Modes. 

WateliDog Timer ReSet: (WDTRST) register is used to 
keep the watchdog timer irbni periodically resetting the 
part. 
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PQitT STRUCTURES AND 
tPPERATION 

All four ports in the C51RX are bidirectional. Each 
consists of a latch (Special Function Registers PO 
ttvWi^ an ou^ut driver, and an input buffer. 

The output drivers of Ports and 2, and the input buff- 
ers of Port 0, are used in accesses to external memory. 
In this appUcation, Port outputs the low byte of the 
external memory address, time-multiplexed with the 
byte betng written or read. Port 2 outputs the high byte 
of tt« (3Et^cad memory address when the address is 
16 Uti wiilfe Otbetmm the Port 2 pins contintte to emit 
tte <P2 m cont^ 

All the Port 1 and Port 3 pins are multifunctional. 
They are not only prat pins, but also serve the functions 
of various special features as listed in TaUe 3. 

The alternate functions can only be activated if the cor- 
responding bit latch in the port SFR contains a 1. Oth- 
erwise tbe port pin is stock at 0. 



4.1 I/O Configurations 

Hgure 3 iftews a functional diagram of a typical bit 
latch and I/O buffer in each of the four ports. The bit 
latch (one bit in the port's SFR) is represented as a 
Type D flip-flop, which clocks in a value from the in- 
ternal bus in response to a "write to latch" signal from 
the CPU. The Q output of the flip-flop is placed on the 
internal bus in response to a "read latch" signal from 
the CPU. The level of the port pin itself is placed on the 
internal bus in response to a "read pin" signal from the 
CPU. Some instructions that read a port activate the 
"resid latch" signal, and others activate the "read pin" 
signal. See the Read-Modify- Write Feature section. 



As shown in Figure 3, the output drivers of Ports and 
2 are switchable to an internal ADDRESS and AD- 
DRESS/DATA bus by an internal CONTROL signal 
for use in external memory accesses. During external 
memory accesses, the P2 SFR remains unchanged, but 
the PO SFR gets Is written to it. 



Table 5. Alternate Port Functions 



Port Pin Alternate Function 

PO.O/ADO- Multiplexed Byte of Address/Data for 
P0.7/AD7 External Memory 

P1.0/T2 Timer 2 External Clock Input/Clock- 
Out 

P1.1/T2EX Timer 2 Reload/Capture/Direction 

P2.0/A8- High Byte of Adcbos for External 

P2.7/A15 Memory 

P3.0/RXD Serial Port Input 

P3 . 1 /TXD Serial Port Output 

P3.2/INTO External Intennpt 

P3.3/INT External Interrupt 1 

P3.4/T0 Timer External Clock Input 

P3.5/T1 Timer 1 External Clock Input 

P3.6/WR Write Strobe for Extonal Monory 

P3.7/R5 Read Strobe for Eztnnal Memory 
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C. Port 2 Bit 

ADDH 



Vcc 



READ 
LATCH 




'See R^ire^ Ibr details of the internal pullup 



Figure 3. C51RX Port Bit latches and I/O Buffers 



Also shown in Figure 3 is tliat if a PI or P3 latch 
contains a 1, then the output level is contTolled by the 
signal labded "alternate output function." The actual 
pin level vt tlimgt available to the ini's altemale input 
fimctioi^ tf any. 

Ports 1, 2, and 3 have internal pullups. Port has open 
drain outputs. Each I/O line can be independently used 
as an input or an output (Ports and 2 may not be used 
as general purpose I/O when being used as the AD- 
DRESS/DATA BUS). To be used as an input, the port 
bit latch must contain a 1, which turns off the output 
driver FET. On Ports 1, 2, and 3, the pin is pulled high 
by the internal pullup, but can be pulled low by an 
external sawees. 

Port differs from the otha: ports in not having inter- 
nal pullups. The pullup FET in the PO output driver 
(see Figure 3) is meA cmly when the Port is emitting Is 
during external meauxry accesses. Otherwise the pullup 
FET is off. Consequently PO Hnes that are being used as 
output port lines are open drain. Writing a 1 to the bit 
latch leaves both output FETs off, which floats the pin 
and allows it to be used as a high-impedance input. 
Because Ports 1 through 3 have fixed intonal pullups 
they are sometimes call "quasi-bidirectional" ports. 



When configured as inputs they pull high and will 
source current (IIL in the data sheets) when externally 
puUed low. Port 0, on the other hand, is considered 
"true" tndiiectionaL because it floats when configured 
as an input 

All the port latches have is written to than by the teael 
fimcticni. If aO is subsequently written to a port latch, it 
can be leoanflgoied as an input by writing a 1 to it 



4.2 Writing to a Port 

In the execution of an instruction that changes the 
value in a port latch, the new value arrives at the latch 
during State 6 Phase 2 of the final cycle of the instruc- 
tion. However, port latches are in fact sampled by their 
output buffers only during Phase 1 of any cloclc period. 
(During Phase 2 the output buffer holds the value it 
saw during the previous Phase 1). Consequently, the 
new value in the port latch won't actually appear at the 
output pin until the next Phase 1, which will be at SlPl 
of the next machine cycle. Refer to Figure 4. For more 
information on internal timing refer to tlie CPU Tim- 
ing section. 
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Figure 4. Port Operation 



If the change requires a 0-to-l transition in Ports 1, 2, 
and 3, an additional pullup is turned on during SlPl 
md S1F2 of tlie cycle in which the transition occurs. 

ts dkme to increase the transiticni speed. The extra 
piAip iHii source about 100 times the currmt that the 
B&mai fullup can. The internal pullups are fietd-dTect 
tarans^Ms, not linear resistors. The puU-up arrange- 
ments are shown in Figure S. 

The pullup consists of three pFETs. Note that an 
n-channel FET (nFET) is turned on when a logical 1 is 
applied to its gate, and is turned off when a logical is 
applied to its gate. A p-channel FET (pFET) is the 
opposite: it is on when its gate sees a 0, and off when its 
gate sees a 1. 



pFET 1 in is the transistor that is turned on for 2 oscil- 
lator periods after a 0-to-l transition in the port latch. 
A 1 at the port pin turns on pFET3 (a weak puU-up), 
through the invertor. This invralor smd pFET form a 
latch which hold the 1. 

If the pin is emitting a 1, a negative glitch on the pin 
from some external source can turn off pFET3, causing 
the pin to go into a float state. pFET2 is a very weak 
pullup which is on whenever the nFET is off, in tradi- 
tional CMOS style. It's only about Vio the strength of 
pFET3. Its function is to restore a 1 to the pin in the 
event the pin had a 1 and lost it to a glitch. 



VCC Vcc 



vcc 



Q D- 
FROM PORT 
LATCH 




_ 272668-7 
CHMOS Configuration. pFET 1 is turned on for 2 osc. periods after Q mal<es a O-to-1 transition. During ttiis time, pFET 1 
also turns on pFET 3 through the inverter to form a latch which holds the 1 . pFET 2 is also on. Port 2 is similar except 
tliat il holds the strong pullup on while emitting Is that are address bits. (See text. "Accessing External Memoiy".) 



F^iure 5. Ports 1 and 3 bitemal Pullup ConflgunMtoiw 
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4.3 Port Loading and Interfacing 

The output buffers of Ports 1, 2, and 3 can each sink 
1.6 mA at 0.45 V. These port pins can be driven by 
open-collector and open-drain outputs although 0-to-l 
transitions will not be fast since there is little current 
polling the pin up. An input turns off pullup pFET3, 
leaving ao^ Ae very weak pullup pFET2 to drive the 
transitioii. 

In external bus mode, Port output buffers can each 
sink 3.2 mA at 0.45 V. However, as port pins they 
require eKtetni pAips to be able to drive any inputs. 

See the latest revision of the data sheet for desi^-in 
information. 



4.4 Read-Modify-Write Feature 

Some instructions that read a port read the latch and 
others read the pin. Which ones do which? The instruc- 
tions that read the latch rather than the pin are the ones 
tliu read a value, possibly change it, and then rewrite it 
to tile latch. These are called "read-modify-write" in- 
structions. Listed below are the read-modify-write in- 
structions. When the destination operand is a port, or a 
port bit, these mstructions read the latch rather than 
the pin: 

ANL Oogical AND, e.g., ANL PI, A) 

ORL (logical OR, e.g., ORL P2, A) 

XRL (logical EX-OR, e.g., XRL P3, A) 

JBC Qmmp if bit = 1 and clear bit, e.g., 

iaC Pl.l, LABEL) 
CPL (complement bit, e.g., CFL P3.0) 

INC (increment, e.g., INC P2) 

DEC (decrement, e.g., DEC P2) 



DJNZ (decrement and jump if not zero, e.g., 

DJNZ P3, LABEL) 

MOV, PX.Y, C (move carry bit to bit Y of Port X) 

CLR PX.Y (clear bit Y <rf Port X) 

SE1BPX.Y (srtbitYofPortX) 

It is not obvious that the last three instructicns in this 
list are read-modify-write instructiam, but they are. 
They read the port byte, all 8 bits, modify the addressed 
bit, then write the new byte bade to the latch. 

The reason that read-modify-write instructions are di- 
rected to the latch rather than the pin is to avoid a 
possible misinterpretation of the voltage level at the 
pin. For example, a port bit might be used to drive the 
base of a transistor. When a 1 is written to the bit, the 
transistor is turned on. If the CPU then reads the same 
port bit at the pin rather than the latch, it will read the 
base voltage of the transistor and interprd it as a 0. 
Reading the latch rather than Ae pin will return the 
correct value of 1. 



4.5 Accessing External Memory 

Accesses to external memory are of two types: accesses 
to external Program Memory and accesses to external 
Data Mem ory. A ccesses to external Program Memory 
use signal PSEN (program store enable) as t he re ad 
strob e. Accesses to external Data Memory use RD or 
WR (alternate functions of P3.7 and P3.6) to strobe the 
monory. Refw to Figures 6 throu^ 8. 

Fetches from external Program Memory always use a 
16-bit address. Accesses to external Data Memory can 
use either a 16-Ut address (MOVX @ DPTR) or an 
8-bit address (MOVX @ Ri). 



I STATE 1 1 STATE 2 I STATE 3 I STATE 4 I STATE 5 I STATE C I STATE 1 I STATE 2 I 



DATA 
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PCL 
OUT 



DATA 
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L 
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OUT 



Figure 6. External Program Memory Fetches 
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Figure 7. External Data Memory Read Cycle 
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Figure 8. External Data Memory Write Cycle 
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When EXTRAM = 1, AUXR SFR bit 1 is set, and a 
16-bit address is used, the high byte of the address 
comes out on Port 2, where it is held for the duration of 
the read or write cycle. The Port 2 drivers use the 
strong puUups during the entile time that they m'eemit- 
tsmg address bits that are Is. This occurs when the 
MOVX @ DPTR instruction is executed. During this 
time the Port 2 latch (the Special Function Register) 
does not have to contain Is, and the contents of the 
Port 2 SFR are not modified. If the external memory 
cycle is not immediately followed by another external 
memory cycle, the undisturbed contents of the Port 2 
SFR wUIi Mi^iM tbe mxt efcU. 

When EXTRAM = 1, AUXR SFR bit 1 is set, and an 
8-bit address is being used (MOVX @ Ri), the contents 
of (he Port 2 SFR remain at the Port 2 pins throughout 
the^temal memory cycle. In this case, Port 2 pins can 
be tm4 ^ As ^Eternal data memory. 

In either case, the low byte of the address is time-multi- 
plexed with the data byte on Port 0. The ADDRESS/ 
DATA signal drives both FETs in the Port output 
buffers. Thus, in external bus mode the Port pins are 
not open-drain outputs and do not require external 
puUups. The ALE (Address Latch Enable) signal 
should be used to capture the address byte into an ex- 
ternal latch. The address byte is valid at the negative 
transition of ALE. Then, in a write cycle, t he da ta byte 
to be written appears on Port just befo re WR is acti- 
vated, and remains there until after WR is deactivated. 
In a r^ eyde, the incoming byte is accepted at Port 
just before the read strobe (RD) is deactivated. 

During any access to external memory, the CPU writes 
OFFH to the Port latch (the Special Function Regis- 
ter), thus obliterating the information in the Port 
SFR. Also, a MOV PO instruction must not take place 
during external memory accesses. If the user writes to 
Port during an external memory fetch, the incoming 
code byte is corrupted. Therefore, do not write to Port 
if external program memory is used. 

External W^S^&S^ Itenory is accessed und^ (wo Con- 
ditions: 

1. Whenever signal EA is active, or 

2. Whenever the program counter (PC) contains an ad- 
dress greater than IFFFH (8K) for the 8XC51RA or 
3FFFH iltm fef tiie 8XC51RB, or 7FFFH (32K) 

for the trcsmc. 

This requires that the ROMless versions have EA wired 
to Vss enable the lojver 8K., 16K, or 32K prc^ram 
bytes to be AliAsii fton external memory. 

When the CPU is executing out of external Program 
Memory, all 8 bits of Port 2 are dedicated to an output 
function and may not be used for general purpose I/O. 
During external program fetches they output the high 
byte of the PC with the Port 2 drivers using the strong 
pullups to emit bits (hat are Is. 
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5.0 TIMERS/COUNTERS 

The C51RX has three 16-bit Timer/Counters: Timer 0, 
Timer 1 , and Timer 2. Each consists of two 8-bit regis- 
ters, THx and TLx, (x = 0, 1, and 2). All three can be 
configure to ^lertite either as (imers or event coun(ers. 

In (he Timer func(ion, the TLx regitfter is loMrem^tM 
every machine cycle. Thus one can (hink of it as eoun(^ 
ing machine cycles. Since a mac^iine cycle cmsisis of 12 
oscillafor periods, the coun( rate is 1/12 of (he oscilla- 
tor frequency. 

In the Counter function, the register is incremented in 
response to a 1-to-O transition at its corresponding ex- 
ternal input pin — TO, Tl, or T2. In this function, the 
external input is sampled during S5P2 of every machine 
cycle. When the samples show a high in one cycle and a 
low in the next cycle, the count is incremented. The 
new count value appears in the register during S3P1 of 
the cycle following the one in which the tranatim was 
de(ected. Since it takes 2 machine cycles (24- oscillator 
p^ods) to recognize a 1-to-O transition, the maximum 
count rate is V^* of the oscillator frequency. There are 
no restrictions on the duty cycle of (he ex(emal input 
signal, bu( to ensure (ha( a given level is sampled a( 
leas( once brfore it changes, it should be held for at 
iemt one fuU machine cycle. 

In addMon^ tie Timer or Counter selection, Timer 
and Timer 1 have four operating modes from which to 
select: Modes 0-3. Timer 2 has three modes of opera- 
tion: Capture, Auto-Reload, and Baud Rate Generator. 



5.1 Timer and Timer 1 

The Timer or Counter function is selected by control 
bits C/T in (he Special Function Regis(er TMOD (Ta- 
ble 5). These two Timer/Counters have four operating 
modes, which are selected by bit-pairs (Ml, MO) in 
TMOD. Modes 0, 1, and 2 are the same for both Tim- 
er/Counters. Mode 3 ctperation is diff^^t for the two 
timers. 

MODE 

Either Timer or Timer 1 in Mode is an 8-bit Coun- 
ter with a divide-by-32 prescaler. Figure 9 shows the 
Mode operation for either timer. 

In this mode, the Timer register is configured as a 
13-bit register. As the count rolls over from all Is to all 
Os, it sets the Timer interrupt flag TFx. The counted 
input is enrf>le d (o (he Timer when TRx = 1 an4 either 
GATE = or INTx = 1. (Setting GATE = 1 allo ws 
the Timer to be con(rolled by external inliu( INTx, (o 
facilifate pulse width measuremen(s). TRx and TFx are 



11 



control bits in SFR TCON (Table 7). The GATE bit is 
in TMOD. There are two different GATE bits, one for 
Timer 1 (TMOD.7) and one for Timer (TMOD.3). 

The 13-bit register consists of all 8 bits of THx and the 
lower 5 bits of TLx. The upper 3 bits of TLx are inde- 
terminate and should be ignored. Setting the run flag 
(TRx) does not clear these registers. 



MODE 2 

Mode 2 configures the Timer register as an 8-bit Coun- 
ter (TLx) with automatic reload, as shown in Figure 11. 
Overflow from TLx not only sets TFx, but also reloads 
TLx with the contents of THx, which is preset by soft- 
ware. The reload leaves THx unchanged. 



Mode I is the same as Mode 0, except that the Timer 
roister uses all 16 bits. Refer to Figure 10. In this 
ma^ and TLx are cascaded; there is no prescal- 



Table 6. TMOD: Timer/Counter Mode Control Register 



TMOD 



Address = 89H 



Reset Value = 0000 OOOOB 



Not Bit Addressable 

TIMER 1 



TIMER 



















GATE 


C/T 


M1 


MO 


GATE 


C/T 


Ml 


MO 



Bit 



Symbol 



Function 



mm 



C/T 



Ml 


MO 











1 


1 





1 


1 


1 


1 



Gating control when set. Timer/Counter or 1 is enabled only while INTO or INT1 pin 
is high and TRO or TR1 control pin is set. When cleared, Timer or 1 is enabled 
whenever TRO or TR1 control bit is set. 

Timer or Counter Selector. Clear for Timer operation (input from internal system 
dock). Set for Counter operation (input from TO or T1 input pin). 

Operating Mode 

8-bit Timer/Counter. THx with TLx as 5-bit prescaler. 

1 6-bit Timer/Counter. THx and TLx are cascaded; there is no prescaler. 

8-bit auto-reload Timer/Counter. THx holds a value which is to be reloaded into TLx 

each time it overflows. 

(Timer 0) TLO is an 8-bit Timer/Counter controlled by the standeird Timer control 
bits. THO is an 8-bit timer only controlled by Timer 1 control bits. 
(Timer 1) Timer/Counter stopped. 




X = Oorl 

272e»^11 



Hgure 9. Timer/Counter or 1 in Mode 0: 13-Bit Counter 



12 



Intel. 



6msifmmBfm wmmikm- description 



Table 7. TCON: Timer/Counter Control Register 



TCON 



Address = 88H 



Bit Addressable 



Reset Value = 0000 OOOOB 



TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


lEO 


(TO 



Symbol 



m 7 

Function 



TF1 

TR1 

TPO- 

Tm 

IE1 



IT1 



lEO 



IT0 



Timer 1 overflow Flag. Set by hardware on Timer/Counter overflow. Cleared by 
hardware when processor vectors to interrupt routine. 

Timer 1 Run control bit. Set/cleared by software to turn Timer/Counter 1 on/off. 

Timer overflow Flag. Set by hardware on Timer/Counter overflow. Cleared by 
hardware when processor vectors to interrupt routine. 

Timer Run control bit. Set/cleared by software to turn Timer/Counter on/off. 

Interrupt 1 flag. Set by hardware when external interrupt 1 edge is detected 
(transmitted or level-activated). Cleared when interrupt processed only if transition- 
activated. 

Interrupt 1 Type control bit. Set/cleared by software to specify falling edge/low level 
triggered external interrupt 1 . 

Interrupt flag. Set by hardware when external interrupt edge is detected 
(transmitted or level-activated). Cleared when interrupt processed if transition- 
activated. 

Interrupt Type control bit. Set/cleared by software to specify falling edge/low level 
triggered external interrupt 0. 




Figure 10. Timer/Counter or 1 1n Mode 1: 16-Bit Counter 



MODE 3 



Timer 1 in Mode 3 simply holds its count. The effect is 
the same «s s^tiag TRl = 0. 

Timer in Mode 3 establishes TLO and THO as two 
separate counters. The logic for Mode 3 on Timer is 
shown in Figure 12 . TLO uses the Timer control bits: 
C/T, GATE, TRO, INTO, and TFO. THO is locked into 



a timer function (counting machine cycles) and takes 
over the use of TRl and TFl from Timer 1. Thus THO 
now controls the Timer 1 interrupt. 

Mode 3 is provided for applications requiring an extra 
8-bit timer or counter. When Timer is in Mode 3, 
Timer 1 can be turned on and off by switching it out of 
and into its own Mode 3, or can still be used by the 
serial port as a baud rate generator, or in any applica- 
tion not requiring an interrupt. 
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Figure 11. Timer/Counter 1 Mode 2: 8-Bit Auto-Reload 
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Figure 12. Timer/Counter lUode 3: Two 8-Bit Counters 

Table 8. Timer 2 Operating Modes 



Timer 2 is a 16-bit Timer/Counter which can operate 
d^ri' m^^ena or as an event counter. This is selected 
h^lmc^^&'m the Special Function Register T2CON 
(TiMe 9). It has three operating modes: capture, auto- 
reload (up or down counting), and baud rate generator. 
The modes are selected by Ints in T2CX)N as shown in 
Table 8. 



RCLK + TCLK 


CP/RL2 


T2*OE 


TR2 


Mode 











1 


16-Bit 










Auto-Reload 





1 





1 


16-Bit 










Capture 


1 


X 


X 


1 


Baud Rate 










Generator 


X 





1 


1 


Clock-Out 










on P1.0 


X 


X 


X 





Timer Off 
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8XC51RA/RB/RC HARDWARE DESCRIPTION 
Table 9. T2CON: Timer/Counter 2 Control Register 



T2C0N Address = 0C8H 
Bit Addressable 



Reset Value = 0000 OOOOB 



TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


C/T2 


CP/RL2 



Bit 



6 



Symbol Function 



TF2 Tinner 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will 

not be set when either RCLK = 1 or TCLK = 1 . 
EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition 

on T2EX and EXEN2 = 1 . When Timer 2 interrupt Is enabled EXF2 = 1 will cause the CPU 

to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. EXF2 does not 

cause an interrupt in up/down counter mode (DCEN = 1). 
RCLK Receive clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its 

receive clock in serial port Modes 1 and 3. RCLK = caises Timer 1 overflow to be used 

for the receive clock. 

TCLK Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its 
transmit clock in serial port Modes 1 and 3. TCLK = causes Timer 1 overflows to be used 
for the transmit clock. 

EXEN2 Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of a 
mgaive transition on T2EX if Timer 2 is not being used to clock the serial port EXEN2 = 
Mi^s Timer 2 to Ignore events at T2EX. 

JPM ^M/^op control for Timer 2. A logic 1 starts the timer. 

C/^ 'Wm or counter select. fTimer 2) 

= Internal timer (OSC/12 or OSC/2 in baud rate generator mode). 

1 = External event counter (falling edge triggered). 

CP/RL2 Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if 
EXEN2 = 1 . When cleared, auto-reloads will occur either with Timer 2 overflows or 
I e^pliwe transitions at TSEX when EXEN2 = 1 . When either RCLK = 1 orTGLK = 1, this 
tM fe %nored and the tinw Is forced to auto-reload on Timer 2 overflow. 



CAPTURE MODE 

In the capture mode there are two options selected by 
bit Smm it liCON. if EXEN2 = 0, Timer 2 is a 



16-bit timer or counter which upon overflow sets bit 
TF2 in T2CON. This bit can then be used to generate 
an interrupt. If EXEN2 = 1, Timer 2 still does the 
above, but with the added feature tlnat a 1-to-O tran- 



T2 PIN FT— 



""^^^C A2 - 



JftAHSiTlOM 
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TH2 TL2 



3 



TIMER 2 
INTERRUPT 



Rgure 13. Hmer 2 in Capture Mode 
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sition at external input T2EX causes the current value 
in the Timer 2 registers, TH2 and TL2, to be captured 
into registers RCAP2H and RCAF2L, respectively. In 
addition, Uie transition at T2EX causes bit EXF2 in 
T2G0N to be set The EXF2 bit, like TF2, can generate 
aa tetmiaqpt. The capture mode is illustrated in Figure 
13. 



AUTO-RELOAD MODE 
(UP OR DOWN COUNTER) 

Timer 2 can be programmed to count up or down when 
configured in its 16-bit auto-reload mode. This feature 
is invoked by a bit named DCEN (Down Counter En- 
able) located in the SFR T2MOD (see Table 10). Upon 
reset the DCEN bit is set to so that Timer 2 will 



default to count up. When DCEN is set. Timer 2 can 
count up or down depoiding on the value of the T2EX 
pin. 

Figure 14 shows Timer 2 automatically counting up 
when DCEN = 0. In this mode there are two options 
selected by bit EXEN2 in T2CON. If EXEN2 = 0, 
Timer 2 counts up to OFFFFH and then sets the TF2 
bit upon overflow. The overflow also causes the timer 
registers to be reloaded with the 16-bit value in 
RCAP2H and RCAP2L. The values in RCAP2H and 
RCAP2L are preset by software. If EXEN2 = 1, a 16- 
bit reload can be triggered either by an overflow or by a 
1-to-O transition at external input T2EX. This tran- 
sition also sets the EXF2 bit. Either the TF2 or EXF2 
bit can generate the Timer 2 interrupt if it is enabled. 



Table 10. T2M0D: Timer 2 Mode Control Register 



T2M0D Address = 0C9H 

Not Bit Addressable 



Reset Value = XXXXXXOOB 















T20E 


DCEN 



Bit 

Symlwl FuncHon 



— Not Implemented, reserved for future use.* 
T20E Timer 2 Output Enable bit. 

DCEN Down Count Enable bit. When set, this allows Timer 2 to be configured as an up/down 
counter. 

'User software should not write 1s to reserved bits. These bits may be used in future 8051 family products to invoke 
new features. In that case, the reset or inactive value of the new Ut will be 0, and its active value wHI be 1 . The value 

read from a reserved bit is indeterminate. 
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Figure 14. Timer 2 Auto Reload Mode (DCEN = 0) 
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Figure 15. Timer 2 Auto Reload Mode (DCEN = 1) 



Setting the DCEN bit enables Timer 2 to count up or 
down as shown in Figure 15. In this mode the T2EX 
pin controls the direction of count. A logic 1 at T2EX 
makes Timer 2 count up. The timer will overflow at 
OFFFFH and set the TF2 bit which can then generate 
an interrupt if it is enabled. This overflow also causes a 
the 16-bit value in RCAP2H and RCAP2L to be re- 
loaded into the timer registers, TH2 and TL2, respec- 
tively. 

A logic at T2EX makes Timer 2 count down. Now 
tde timer underflows when TH2 and TL2 equal the 
values stored ia RCAP2H and RCAP2L. The under- 
flow sets the TF2 bit and causes OFFFFH to be reload- 
ed into the timer registers. 

The EXF2 bit toggles whenever Timer 2 overflows or 
underflows. This bit can be used as a 1 7th bit of resolu- 
tion if desired. In this operating mode, EXF2 does not 
geaerate an intempt. 

BAUD RATE GENERATOR MODE 

The baud rate generator mode is selected by setting the 
RCLK and/or TCLK bits in T2CON. Timer 2 in this 
mode wtt 1^ ie^jb^ il'Me^Wc^on with the serial 
port. 



PROGRAMMABLE CLOCK OUT 

A 50% duty cycle clock can be programmed to come 
out on Pl.O. This pin, besides being a regular I/O pin, 
has two alternate functions. It can be programmed (1) 
to input the external clock for Timer/Counter 2 or (2) 
to output a 50% duty cycle clock ranging from 61 Hz 
to 4 MHz at a 1 6 MHz operating frequency. 

To configure the Timer/Counter 2 as a clock generator, 
bit C/T2 (in T2CON) must be cleared and bit T20E ia 
T2MOD must be set. Bit TR2 (T2CON.2) also must be 
set to start the timer (see Table 9 for operating modes). 

The Clock-out frequency depends on the oscillator fre- 
quency and the reload value of Timer 2 capture regis- 
ters (RCAP2H, RCAP2L) as shown in this equation: 

Clock-out Frequency = 

Oscillator Frequency 

4 X (655^ - RCAP2H. RCAP2L) 

In the Clock-Out mode Timer 2 roll-overs will not gen- 
erate an interrupt. This is similar to when Timer 2 is 
used as a baud-rate gmerator. It is possible to use Tim- 
er 2 as a baud-rate generator and a clock generator 
simultaneously. Note, however, that the iMd-rate and 
Clock-out frequencies cannot be determined indepen- 
dently of one anoter since they both use the values in 
RCAP2H fflid RCAP2L. 
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Rgure 16. Thner 2 In Clock-Out Mode 



S.0 SERIAL INTERFACE 



The serial port is full duplex, meaning it can transmit 
and receive simultaneously. It is also receive-buffered, 
meaning it can commence reception of a second byte 
before a previously received byte has been read from 
the receive register. (However, if the first byte still 
hasn't been read by the time reception of the second 
byte is complete, one of the bytes will be lost). The 
serial port receive and transmit registers are both ac- 
cessed through Special Function Register SBUF. Actu- 
ally, SBUF is two separate registers, a transmit bufTer 
and a receive buffer. Writing to SBUF loads the trans- 
mit isyj^t^ «nd i!^#gg SBVF accesses a physicaUy 
s^raratg receive reg^er. 

The serial port control and status register is the Special 
Function Register SCON, shown in Table 1 1 . This reg- 
ister contains the mode selection bits (SMO and SMI); 
the SM2 bit for the multiprocessor modes (see Multi- 
processor Communications section); the Receive En- 
able bit (REN); the 9th data bit for transmit and receive 
(TBg and RB8); and the serial port interrupt bits (TI 
and RI). 



The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits through RXD. 
TXD outputs the shift clock. 8 bits are transmitted/re- 
ceived; 8 data bits (LSB fu-st). The baud rate is fixed at 
1/12 the oscillator frequaicy. 

Mode 1: 10 bits are transmitted (through TXD) or re- 
ceived (through RXD): a start bit (0), g data bits (LSB 
first), and a stop bit (1). On receive, the stop bit goes 
into RB8 in Special Function Register SCON. The 
baud rate is variable. 

Mode 2: 1 1 bits are transmitted (through TXD) or re- 
ceived (through RXD): a start bit (0), 8 data bits (LSB 
first), a programmable 9th data bit, and a stop bit (1). 
Refer to Figure 17. On Transmit, the 9th data bit (TBg 
in SCON) can be assigned the value of or 1 Or, for 
example, the parity bit (P in the PSW) could be moved 
into TBS. On receive, the 9th data bit goes into RB8 in 
SCON, while the stop bit is ignored. (The validity of 
the stop bit can be checked with Framing Error Detec- 
tion.) The baud rate is programmable to either Vs: or 
y,t the oscillator frequency. 




STOP SIT 

NINTH DATA BIT (ModM 2 and 3 only] 



Figure 17. Data Frame: Modes 1, 2 and 3 
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M«de 3: 11 bits are transmitted (through TXD) or re- 
ceived (through RXD): a start bit (0), 8 data bits (LSB 
first), a programmable 9th data bit and a stop bit (1). In 
fact. Made 3 i» the same as Mode 2 in all respects 
except As taod raie. The baud rate in Mode 3 is vari- 
able. 

In all four modes, transmission is initiated by any in- 
struction that uses SBUF as a destination register. Re- 
ception is initiated in Mode by the condition Rl = 
and REN — 1. Reception is initiated in the other 
modes by the incoming start bit if REN = 1. For more 
deMiled information on each serial port mode, refer to 
the "Hardware Description of the 8051, 8052, and 
80C51." 



6.1 Framing Error Detection 

Framing Error Detection allows the serial port to checic 
for valid stop bits in modes 1, 2, or 3. A missing stop bit 
can be caused, for example, by noise on the serial lines, 
or transmission by two CPUs simultaneously. 

If a stop bit is missing, a Framing Error bit FE is set. 
The FE bit can be checked in software after each recep- 
tion to detect communication errors. Once set, the FE 
Mt mustbe ctetd in s^tMm A viM stop bit «U not 
clear EE. 

The Ft irtt is fe«ed in SCON and shares the same bit 
address as SMO. Control bit SMODO in the PCON reg- 
ister (location PCON. 6) determines whether the SMO 
or FE bit is accessed. If SMODO = 0, then accesses to 
SCON.7 are to SMO. If SMOBO — 1, fllen aocrases to 
SCON.7 are to FE. 



6.2 Mnpnie^or Commufiicattons 

Modes*2 ted 3 l^vide a 9-bit mode to facilitate multi- 
processor cbaifiBica^n. The 9th bit allows the control- 
ler to distinguish between address and data bytes. The 
9th bit is set to 1 for address bytes and set to for data 
bytes. When recoving, the 9th bit goes into RB8 in 
SCON. When tmnsmittii^, TBS is set or cleared in 
software. 

The serial port can be programmed such that when the 
stop bit is received the serial port interrupt will be acti- 
vated only if the received byte is an address byte (RB8 
= 1). This feature is enabled by setting the SM2 bit in 
SCON. A way to use this feature in multiprocessor sys- 
tems is as folliQws. 

Wfa«Bi lto HMK^poeiessor wants to transmit a block of 
data ts m0 flf Wersl slaves, it fost sends out an ad- 
dress b^te which identifi^ the target slave. Remember, 
an addr^ byte has its 9th bit set to 1, wbet&s a data 



byte has its 9th bit set to 0. All the slave processors 
should have their SM2 bits set to 1 so they will only be 
interrupted by an address byte. In fact, the C51RX has 
an Automatic Address Recognition feature which al- 
lows only the addressed slave to be interrupted. That is, 
the address comparison occurs in hardware, not soft- 
ware. (On the 8051 serial port, an address byte inter- 
rupts all slaves for an address comparison.) 

The addressed slave's software then clears its SM2 bit 
and prepares to receive the data bytes that will be com- 
ing. The other slaves are unaffected by these data bytes. 
They are still waiting to be addrmed since their SM2 
bits are all set. 



6.3 Automatic Address Recognition 

Automatic Address Recognition reduces the CPU time 
required to service the serial port. Since the CPU is 
only interrupted when it receives its own address, the 
software overhead to compare addresses is eliminated. 
With this feature enabled in one of the 9-bit modes, the 
Receive Interrupt (Rl) flag will only get set when the 
received byte corresponds to either a Given or Broad- 
cast address. 

The feature works the same way in the 8-bit mode 
(Mode 1) as in the 9-bit modes, except that the stop bit 
takes the place of the 9th data bit. If SM2 is set, the Rl 
flag is set only if the received byte matches the Given or 
Broadcast Address and is terminated by a valid stop 
Mt. Setting the SM2 bit has no effect in Mode 0. 

The master can selectively communicate with groups of 
slaves by using the Given Address. Addressing all 
slaves at once is possible with the Broadcast Address. 
These addresses are defined for each slave by two Spe- 
cial Fiinction Rasters: SADDH mA SADEN. 

A slave's individual address is specified in SADDR. 
SADEN is a mask byte that defmes don't-cares to form 
the Given Address. These don't-cares aUow flexibility 
in the user-defined protocol to address one or niore 
slav@ at a time. The foUowiBg is an exawple of how the 
user could define Gives Addi^rases to selectively ad- 
dress different slaves. 

Slave 1: 

SADDR = 1111 0001 
SADEN = 1111 1010 

GIVEN = 1111 OXOX 

Stave 2: 

SADDR = 1111 0011 

SADEN = 1111 1001 

GIVEN = 1111 0XX1 
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Table 11. SCON: Serial Port Control Register 

SCON Address = 98H Reset Value = 0000 OOOOB 

Bit Addressable 



SMO/FE 


SM1 


SM2 


REN 


TB8 


RB8 


Tl 


Rl 


7 


6 


5 


4 


3 


2 


1 






(SMODO = 0/1)* 



Symbol Function 

' '1%'''" Framing Error bit. This bit Is set by the receiver when an invalid stop bit is detected. The FE 
bit is not cleared by valid frames but should be cleared by software. The SMODO* bit must 
be set to enable access to the FE bit. 

SMO Serial Port Mode Bit 0, (SMODO must = to acc^ bit SMO) 

SM1 Serial Port Mode Bit 1 





SMI 


Mocte 


Description 


Baud Rate** 











shift register 


Fosc/12 





1 


1 


8-bit UART 


variable 


1 





2 


9-blt UART 


Fosc/64 or Fosc/32 


1 


1 


3 


9-bit UART 


variable 



SM2 Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then Rl 
will not be set unless the received 9th data bit (RB8) is 1, indicating an address, and the 
received byte is a Given or Broadcast Address. In Mode 1, if SM2 = 1 then Rl will not be 
activated unless a valid stop bit was received, and the received byte is a Given or 
Broadcast Address. In Mode 0, SM2 should be 0. 

REN Enables serial reception. Set by software to enable reception. Clear by software to disable 
reception. 

TBS The 9th data bit thiat will be transmitted in Modes 2 and 3. Set or dear by software as 
desired. 

RB8 In modes 2 and 3, the 9th data bit that was received. In Mode 1 , if SM2 = 0, RB8 is the 

stop bit that was received. In Mode 0, RB8 is not used. 

Tl Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the 

. Ijeginning of Ifie stop bit irt the other modes, in any serial transmission. Must be cleared by 
software. 

Rl Receive Interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway 

through the stop bit time in the other modes, in any serial reception (except see SM2). 
Must be cleared by software. 

NOTE: 

•SMODO is located at PCON6. 
"Fosc = oscillator frequency 



The SADEN byte are selected such that each slave can 
be addressed separately. Notice that Irit 1 (LSB) is a 
don't-care for Slave I's Given Address, but bit 1 = 1 
for Slave 2. Thus, to selectively communicate with just 
Slave 1 the mmster must send an address with bit 1 = 
(e.g. IIUQO^. 

Similariy, bit 2 = for Slave 1. but is a don't-care for 
Slave 2. Kow to communicate with Just Slave 2 an ad- 
dress mik bit 2 = 1 must be used (e,g. Ull Dili). 

Finally, for a master to communicate with both slaves 
at once the address must have bit 1 = 1 and bit 2 = 0. 



Notice, however, that bit 3 is a don't-care for both 
slaves. This allows two difTovnt addresses to select 
both slaves (1111 0001 or Ull 0101). If a tlucd dave 
was added that required its bit 3 = 0, then the latter 
address could be used to coniimmicate with Slave 1 and 
2 bat not Slave 3. 

The master can also communicate with all slaves at 
once with the Broadcast Address. It is formed from the 
logical OR of the SADDR and SADEN registers with 
zeros defined as don't-cares. The don't-cares also allow 



20 



Intel 



mm%mjm/mmmwAm disgription 



flexibility in defining the Broadcast Address, but in 
most applications a Broaden Address will be OFFH. 

SADD^aadSAPEN are located at address A9M Mid 
B9H, res^eeMy- On reset, the SADDR and SADBN 
registers are initialized to OOH which defines the Given 
and Broadcast Addresses as XXXX XXXX (all don't- 
cares). This assures the C51RX serial port to be back- 
wards compatibility with other MCS®-51 products 
which do not implement Automatic Addressing. 



6.4 Ssmfllstes 

The baui in Mode is fixed: 

Oscillator Frequeney 



12 



The baud rate in Mode 2 depends on the value of bit 
SMODl in Special Function Register PCON. If 
SMODl = (which is the value on reset), the baud 
rate is y«4 the oscillator frequency. If SMODl = 1, the 
baud rate is the oscillator frequency. 



Mode 2 Baud Rate = 2SMOD1 x 



Oscillator Frequency 
64 



The baud rates in Modes 1 and 3 are determined by the 
Timer 1 overflow rate, or by Timer 2 overflow rate, or 
by both (one for transmit and the other for receive). 



Met 



t jp Generate Baud 



When Timer 1 is used as the baud rate generator, the 
baud rates in Modes 1 ip^ 3 are detowiaed by the 
Timer 1 overflow f*tO'^ (Bie value of SMODl as fol- 
lows: 



Modes 1 and 3 _ oSMODi 
Baud Rate 



Timer 1 Overflow Rate 
■ 32 



The Timer 1 interrupt should be disabled in this appli- 
cation. The Timer itself can be configured for either 
"timer" or "counter" operation, and in any of its 3 
running modes. In most apphcations, it is configured 
for "timer" operation in the auto-reload mode (high 
nibble of TMOD = OOlOB). In this case, the baud rate 
is given by the formula: 

Modes 1 and 3 ^ 2SM0D1 x Oscillator Frequency 
Baud Rate 32 x 12 x [256 - (THDl 

One can achieve very low baud rates with Timer 1 by 
leaving the Timer 1 interrupt enabled, and configuring 
the Timer to run as a 16-bit timer (high nibble of 
TMOD = OOOIB), and using the Timer 1 interrupt to 
do a 16-bit software reload. 

Table 12 lists vasot^ et!minottI<^ nied b»ud rates and 
how they can be obtained from Timer 1. 



6.6 Using Timer 2 to Generate Baud 
Rates 

Timer 2 is selected as the baud rate generator by setting 
TCLK and/or RCLK in T2CON (Table 8). Note that 
the baud rates for transmit and receive can be simulta- 
neously different. Setting RCLK and/or TCLK puts 
Timer 2 into its bstid fssmmm mode, as shown in 
Figure 18. 

The baud rate generator mode is similar to the auto-re- 
load mode, in that a rollover in TH2 causes the Timer 2 
registers to be reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by software. 



Table 12. Timer 1 Generated Commonly Used Baud Rates 



Baud Rate 


fosc 


SMOD 


Timer 1 


G/T 


M&de 


Reload 
Value 


Mode Max; 1 MHz 


12 MHz 


X 


X 


X 


X 


Mode 2 Max: 375K 


12 MHz 


1 


X 


X 


X 


Modes1,3:e2.5K 


12 MHz 


1 





2 


FFH 


19.2K 


11.059 MHz 


1 





2 


FDH 


9.6K 


11.059 MHz 








2 


FDH 


4.8K 


11.059 MHz 








2 


FAH 


2.4K 


11.059 MHz 








2 


F4H 


1.2K 


11.059 MHz 








2 


E8H 


137.5 


11.986 MHz 








2 


1DH 


110 


6 MHz 








2 


72H 


110 


12 MHz 








1 


FEEBH 
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The baud rates in Modes 1 and 3 are ^tennined by 
Tin^ 2^ overSiaW as follows: 



Modes 1 and 3 Baud Rates 



Timer 2 Ovwflow Rate 

16 



The Timer can be configured for eitlier "timer" or 
"counter" ^fieration. In most applications, it is config- 
ured for "timer" operation (C/T2 = 0). The "Timer" 
opmAmi a different for Timer 2 when it's bang used 
as ataod tate generator. Normally, as a timer, it incre- 
ments every machine cycle (1/12 the oscillator frequen- 
cy). As a baud rate generator, however, it increments 
every state time ('A the oscillator frequency). The baud 
rate formula is given bdow: 



Modes 1 and 3 
Baud Rate 



Oscillator Frequency 



32 X [65536 - (RCAP2H, RCAP2L)) 



where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit unsigned 

integer. 

Timer 2 as a baud rate generator is shown in Figure 18. 
This fipae is valid only if RCXX and/or TCLK = 1 in 
T2C0N. Note that a rollover in TH2 does not set TF2, 
axA will not generate an interrupt. Therefore, the Timer 
2 tBtemipt does not have to be disabled when Timer 2 
is in the baud rate generator mode. Note too, that if 
EXEN2 is set, a I-to-0 transition in T2EX will set 
EXF2 but will not cause a reload from (RCAP2H, 
RCA^i<)M (itl^ IdU). Tims <R4ea Tmier 2 is in use 



as a baud rate generator, T2EX can be used as an extra 
eiebaml iratemipt, if dented. 

It should be noted that when Timer 2 is running (TR2 
= 1) in "timer" function in the baud rate generator 
mode, one should not try to read or write TH2 or TL2. 
Under these conditions the Timer is being incremented 
every state time, and the results of a read or write may 
not be accurate. The RCAP2 roisters may be read, bitt 
shouldn't be written to, because a write might overly a 
reload and cause write and/or reload errors. The tiatet 
should be turned off (clear TR2) before accessing the 
Timor 2 or RCAP2 roisters. 

Table 13 Usts commonly used baud rates and how they 

can be obtained from Timer 2. 

Table 13. Timer 2 Generated 
Commonly Used Baud Rates 



Baud 
Rate 


Osc 
Freq 


Timer 2 


RCAP2H 


RCAP2L 


375K 


12 MHz 


FF 


FF 


9.6K 


12 MHz 


FF 


D9 


4.8K 


12 MHz 


FF 


B2 


2.4K 


12 MHz 


FF 


64 


1.2K 


12 MHz 


FE 


CS 


300 


12 MHz 


FB 


IE 


110 


12 MHz 


F2 


AF 


300 


6 MHz 


FD 


8F 


110 


6 MHz 


F9 


57 




NOT!: 0»e. mra. IS DIVIDB) BV a. NOT It. 



WCAP2H [ BCAPM. 



RCLK 



1; 



TCLtC 



Figure 18. Timer 2 In Baud Rate Generator Mode 
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7.0 HARDWARE WATCHDOG TIMER 
(ONE-TIME ENABLED WITH 

RESET-OUT) 

The WDT is intended as a recovery method in situa- 
tions where the CPU may be subjected to software up- 
set. The WDT consists of a 14-bit counter and the 
WatehDog Timer ReSeT (WDTRST) SFR. The WDT 
is ddCtSi^ to disable from exiting reset. To enable the 
WDT, mm nnr«rite QllH and OEIH in sequence to 
the WDTitSf, locfitien 0A6H. When WDT is en- 
abled, it will incicaieot emy machine cycle while the 
oscillator is runniag isaA tiuxe is no way to disable the 
WDT except through reset (either hardware reset or 
WDT overflow reset). When WDT overflows, it will 
drive an RESET HIGH pulse at the RST-pia. 

7.1 Utft^ttieWDT 

To enable the WDT, user must write OlEH and OEIH 
in sequence to the WDTRST, SFR location 0A6H. 
When WDT is enabled, the user needs to service it by 
writing to OlEH and OEIH to WDTRST to avoid 
WDT overflow. The 14-bit counter overflows whai it 
reaches 16383 (3FFFH) and this will reset the device. 
When WDT is enabled, it wiU increment every machine 
cycle while the oscillator is running. This means the 
user must reset the WDT at least every 16383 machine 
cycle. To reset the WDT the user must write OlEH and 
OEIH to WDTRST. WDTRST is a write only register. 
The WDT counter cannot be read or written. When 
WDT overflows, it will generate an output RESET 
pulse at the RST-pin. The RESET pulse duration is 98 
* Tqsc. where Tqsc ~ 1/Fosc- To make the best use 
of the WDT, it should be serviced in those sections of 
code that will periodically be executed within the time 
required to pievoit a WDT reset. 



7.2 WDT during Power Down and Idle 

In Power Down mode the oscillator stops, which means 
the WDT also stops. While in Power Down mode the 
user does not need to service the WDT. There are 2 
methods of exiting Power Down mode: by a hardware 
reset or via a level activated external interrupt which is 
enabled prior to entering Power Down mode. When 
Power Down is exited with hardware reset, sovicing 
the WDT should occur as it normally does whenever 
the C51RX is reset. Exiting Power Down with an inter- 
rupt is significantly different. The interrupt is held low 
long enough for the oscillator to stabilize. When the 
interrupt is brought high, the interrupt is serviced. To 
prevent the WDT from resetting the device while the 
interrupt pin is held low, the WDT is not started until 
the interrupt is pulled high. It is suggested that the 
WDT be reset during the interrupt service for the inter- 
rupt used to exit Power Down. 

To ensure that the WDT does not ovctAow within a 
few states of exiting of powerdown, it is best to reset the 
WDT just brfore altering powerdown. 

In the Idle mode, the oscillator continiMg to run. To 
prevent the WDT from resetting the CSIRX while in 
Idle mode, the user shoidd always set np a timer that 
will periodically exit Idle, service tihe WDT, and re- 
enter Idle mode. 
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8.0 INTERRUPTS 

The C51RX has a total of 6 interr upt vectors: two ex- 
ternal interrupts (INTO and INTl), three timer inter- 
rupts (Timers 0, 1, and 2), and the serial port interrupt. 
These interrupts are all shown in Figure 19. 



All of the bits that generate interrupts can be set or 
cleared by software, with the same result as though it 
had been set or cleared by hardware. That is, interrupts 
can be generated or pouting internes can be cancelled 
in software. 

Each of these interrupts will be briefly described fol- 
lowed by a discussion of the interrupt enable bits and 
the interrupt priority levels. 




1 Wt- 




1XF2 ■ 



INTERRUPT 
SOUfiCES 



(See exceptions when Timer 2 is used as baud rate generator or an up/down counter.) 



272666-19 



Figure 19. Intomipt SourcM 
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8.1 External Interrupts 

External Interrupts INTO and INTl can each be either 
level-activated or transition-activated, depending on 
bits ITO and ITl in register ICON. If ITx = 0, exter- 
aal in terrupt x is triggered by a detected low at the 
INTx pin. If ITx = 1, external interrupt x is negative 
edge^triggered. The flags that actually geiiarate these 
interrupts are Uts lEO and lEl in TCON. These flags 
are cleared by hardware when the service routine is 
vectored to only if the interrupt was transition-activat- 
ed. If the interrupt was level-activated, then the exter- 
nal requesting source is what controls the request flag, 
rather than the on-chip hardware. 

Since the external interrupt pins are sampled once each 
machine cycle, an input high or low should hold for at 
least 12 oscillator periods to ensure sampling. If the 
external intorupt is transition-activated, the external 
source has to hold the request pin high for at least one 
cyde^ and ^tSB it low for at least one cycle to 
ensure ttsM ^ Mmiition is seen so that interrupt re- 
quest Qag &i ilM %e wek lEx will be automatically 
cleared hjf Use 'CSV when fte service routine is called. 



If external interrupt INTO or INTl is level-activated, 
the external source has to hold the request active until 
the requested interrupt is actually generated. Then it 
has to deactivate the request before the interrupt serv- 
ice routine is completed, or else another interrupt will 
be generated. 

8^ TMMir liiierrupts 

Timer # asi "^m^ I liitemipts are generated by TFO 
and TFl In regilflfer TCXJN, which are set by a rollover 
in their respective Timer/Counter registers (except see 
Timer in Mode 3). When a timer interrupt is generat- 
ed, the flag that geneiat^.it is cleared by the on-chip 
hardware when £he s^nee leuttne is vectored to. 



Timer 2 Interrupt is generated by the logical OR of bits 
TF2 and EXF2 in register T2CON. Neither of thoe 
flags is cleared by hardware when the service routine is 
vectored ta In fact, the service routine may have to 
determine whether it was TF2 or EXF2 that generated 
the intorupt, and the tat will have to be cleared in 
software. 



8.3 Serial Port Interrupt 

The serial port interrupt is generated by the logical OR 
of bits Rl and TI in register SCON. Neither of these 
flags is cleared by hardware when the service routine is 
vectored to. The service routine will normally have to 
determine whether it was RI or TI that generated the 
interrupt, and the bit will have to be cleared in soft- 
ware. 



8.4 Interrupt Enable 

Each of these interrupt sources can be individually en- 
abled or disabled by setting or clearing a bit in the 
Interrupt Enable (IE) register. (See Table 14.) Note 
that IE also contains a global disable bit, EA. If EA is 
set (1), the interrupts are individually enabled or dis- 
abled by their corresponding bits in IE. If EA is clear 
(0), all interrupts are disabled. 

8.5 Priority Level Structure 

Each interrupt source can also be individually pro- 
grammed to one of two priority levels, by setting or 
clearing a bit in the Interrupt Priority (IP) register 
shown in Table 15. A low-priority interrupt can itself 
be interrupted by a higher priority interrupt, but not by 
another low-priority interrupt. A high priority inter- 
rupt cannot be interrupted by any other interrupt 
source. 



I 




Table 14. IE: Interrupt Enable Register 



IE Address = 0A8H Reset Value = 0X00 OOOOB 

Bit Addressable 



EA 




ET2 


ES 


ET1 


EX1 


ETC 


EXO 


7 


6 


5 


4 


3 


2 


1 






Enable Bit = 1 enables the interrupt. 
Enable Bit = disables it 



Symbol Function 



EA 


Global disable bit. If EA = 0, all Interrupts are disabled. If EA 


= 1 , each Intermpt can be 




individually enabled or disabled by setting or clearing its enab 


lebit 




Not implemented, reserved for future use.* 




ET2 


Timer 2 interrupt enable bit. 




ES 


Serial Port interrupt enable bit 




ET1 


Timer 1 interrupt enable bit 




EX1 


External interrupt 1 enable bit. 




ETO 


Timer interrupt enable bit. 




EXO 


External interrupt enable bit. 





Table 15. IP; Interrupt Priority ftegtelww 



IP Adit»ss = 0B8H Rmst Value » XXOO OOOOB 

Bit Addressable 







PT2 


PS 


PT1 


PX1 


PTC 


PXO 


7 


6 


5 


4 


3 


2 


1 






Priority Bit = 1 assigns high priority 
Priority Bit = assigns low priority 



Symbol 


Function 




Not implemented, reserved for future use.* 


PT2 


Timer 2 interrupt priority bit. 


PS 


Serial Port interrupt priority bit 


PT1 


Timer 1 interrupt priority bit 


PXt 


External interrupt 1 priority bit 


PTC 


Timer interrupt priority bit 


PXO 


External interrupt priority bit 



NOTE: 

'User software should not write Is to reserved bits. These t)its may t>e used in future 8051 family products to invoke new 
features. In that case, the reset or mactive value of the new bit wM lie 0, and ib active value «AI be I.Tlie value read from a 
reserved bit is indeterminate. 



I 
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If two requests of different priority levels are received 
simultaneously, the request of higher priority level is 
serviced. If requests of the same priority level are re- 
ceived simultaneously, an internal polling sequence de- 
termines which request is serviced. Thus within each 
priority level there is a second priority structure deter- 
mined by the polling sequence shown in Table 16. 



Table 18. Priority Levei Bit Vaiues 



Note Hiat the "priority within level" structure is only 
wei to TmB^sieiSimiJbmeous requests of the same priori- 
ty kveL'^ 



TaMe 16. Interrupt Priority 
within Level Polling Sequence 



1 (Highest) 


Into 


2 


Timer 


3 


INTT 


4 .- 


Timer 1 


5 


Serial Port 


6 (Lowest) 


Timer 2 



8XC51RA/RB/RC Interrupt Priority Structure 

In the 8XCS1RA/RB/RC a second Interrupt Priority 
tegKter (IPH) has been added, increasing the number 
of priority levels to four. Table 17 shows this second 
register. The added register becomes the MSB of the 
priority select bits and the existing IP register acts as 
the LSB. This scheme maintains compatibihty with the 
rest of the MCS-51 family. Table 18 shows the bit val- 
ues and priority levels associated with each combina- 
tion. 



Priority 
Bits 


Interrupt Priority 
Level 


IPH.X 


IP.X 








Level (Lowest) 





1 


Level 1 


1 





Level 2 


1 


1 


Level 3 (Highest) 



How Interrupts are Handled 

The interrupt flags are sampled at SSP2 of every ma- 
chine cycle. The samples are polled during the follow- 
ing machine cycle. The Timer 2 interrupt cycle is 
slightly different, as described in the Response Time 
section. If one of the flags was in a set condition at 
S5P2 of the preceding cycle, the polling cycle will find 
it and the interrupt system will generate an LCALL to 
the appropriate service routine, provided this hard- 
ware-generated LCALL is not blocked by any of the 
following conditions: 

1. An interrupt of equal or higher priority level is al- 
ready in progress. 

2. The current (polling) cycle is not the final cycle in 
the execution of the instruction in progress. 

3. The instruction in progress is REIT or any write to 
the IE or IP registers. 



Table 17. IPH: Interrupt Priority High Register 



IPH' 



S = 0B7H 
Not Bit Addressable 



Reset Value = XXOO OOOOB 







PT2H 


PSH 


PT1H 


PX1H 


PTOH 


PXOH 



Bit 



Symbol Function 



6 



— Not Implemented, reserved for future use. 

PT2H Timer 2 interrupt priority high bit. 

PSH Serial Port Interrupt priority high bit. 

PT1 H Timer 1 interrupt priority high bit. 

PX1 H External interrupt 1 priority high bit. 

PTOH Timer interrupt priority high bit. 

PXOH ' Giii&mal ir^iwrupt priority high bit 
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Any of these three conditions will block the generation 
of flie LCALL to the interrupt service routine. Condi- 
tion 2 ensures that the instruction in progress will be 
completed before vectoring to any service routine. Con- 
dition 3 ensures that if the instruction in progress is 
RETI or any write to IE or IP. then at least one more 
instruction will be executed before any interrupt is vec- 
tored to. 

The polling cycle is repeated with each machine cycle, 
and the values polled are the values that were presoit at 
SSP2 of the previous machine cycle. If the interrupt 
flag for a level-sensitive external interrupt is active but 

not being responded to for one of the above conditions 
and is not siill active when the blocking condition is 
removed, the denied interrupt will not be serviced. In 
other words, the fact that the interrupt flag was once 
active but not serviced is not reroraabered. Every poll- 



Table 19. Interrupt Vector Address 



Interrupt 
Source 


interrupt 
Request Bits 


Cleared by 
Hardware 


Vector 
Address 


Into 


lEO 


No (level) 
Yes (trans.) 


0003H 


TIMER 


TFO 


Yes 


OOOBH 


INTT 


IE1 


No (level) 
Yes (trans.) 


001 3H 


TIMER 1 


TF1 


Yes 


001 BH 


SERIAL PORT 


Rl.TI 


No 


0023H 


TIMER 2 


TF2,EXF2 


No 


002BH 



The poUing 
Figure 20. 



11, jMqu^ce is illustrated in 



Note that if an interrupt of a higher priority level goes 
active prior to S3P2 of the machine cycle labeled C3 in 
Figure 20, then in accordance with the above rules it 
lAte melmeed to during CS and C6, w^hout my in- 
straettoii the lower priority routine having been exe- 
cuted. 

Thus the processor acknowledges an interrupt request 
by executing a hardware-generated LCALL to the ap- 
propriate servicing routine. The hardware-generated 
LCALL pushes the contents of the Program Counter 
onto the stack (but it does not save the PSW) and re- 
loads the PC with an address that depends on the 
source of the interrupt being vectored to, as shown in 
Talde 19. 



Execution proceeds from that location until the RETI 
instruction is encountered. The RETI instruction in- 
forms the processor that this interrupt routine is no 
longer in progress, then pops the top two bytes from the 
stack and reloads the Prc^ram Counter. Execution of 
the interrupted program continues from wbtie it left 
off 

Note that a simple RET instruction would also have 
returned execution to the interrupted program, but it 
would have left the intermpt control system thinking 
intmupt was still in pasgress. 

Note that the starting addresses of consecutive inter- 
rupt service routines are only 8 bytes apart. That means 
if consecutive interrupts are being used (lEO and TFO, 
for example, or TFO and lEl), and if the first interrupt 
routine is more than 7 bytes long, then that routine will 
have to execute a jtmip to some other memory location 
where the service routine can be completed without 
overlapping the starting address of the next interrupt 
routine. 
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Thts is ttwfutast possible response when C2 is the final cycle of an Instoiction other than RETI or write IE or IP. 



Figure 20. Interrupt Response Timing Diagram 
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8.6 Response Time 

The INTO and INTl levels are inverted and 
into the Intemipt Rags lEO and lEl at S5P2 of every 
machine cyde. Similarly, the Timer 2 flag EXF2 and 
S«iM'flHet fl«pi iU and TI are set at S5P2. The 
values BM l^' a@tail% polled by the circuitry until the 
next macUtte cycle. 

The Timer and Timer 1 Hags, TFO and TFl, are set at 
S5P2 of the cycle in which the timers overflow. The 
values are then polled by the circuitry in the next cycle. 
However, the Timer 2 flag TF2 is set at S2P2 and is 
polled in the same cycle in which the timer overflows. 

If a request is active and conditions are right for it to be 
acknowledged, a hardware subroutine call to the re- 
quested service routine will be the next instruction to be 
executed. The call itself takes two cycles. Thus, a mini- 
mum of three complete machine cycles elapses between 
activation of an external interrupt reque^ and the be- 
gteing of execution of the service routine's first in^ 
struction. Figure 20 shows interrupt response timing. 

A longer response time would result if the request is 
blocked by one of tbs 3 previously listed conditions. If 
an interrupt of equal or higher priority level is already 
in progress, the additional wait time obviously depends 
on the nature of the other interrupt's service routine. If 
the instruction in progress is not in its final cycle, the 
additional wait time cannot be more than 3 cycles, since 



the longest instructions (MUL and DIV) are only 4 
cycles long, and if the instruction in progress is RETI 
or write to IE or IP, the additi(mal wait time cannot be 
more than S eydes (a maramum of one or mrae cycle to 
complete the instrlKtion in progress, plus 4 cydes to 
complete the next instruction if the instruction is MUL 
or DIV). 

Thus, in a single-interrupt system, the response time is 
always more than 3 cycles and less than 9 cycles. 



9,^ RESET 

The reset input is the RST pin, which has a Schmitt 
Trigger input A reset is accomplished by holding the 
RST pin high for at least two machine cycles (24 oscil- 
lator periods) while the oscillator is running. The CPU 
responds by generating an internal reset, with the tim- 
ing shown in Figure 21. 

The external reset signal is asynchronous to the internal 
clock. The RST pin is sampled during State 5 Phase 2 
of every machine cycle. ALE and PSEN will maintain 
their current activities for 19 oscillator periods after a 
logic 1 has been sampled at the RST pin; that is, for 19 
to 31 oscillator periods after the external reset signal 
has been applied to the RST pin. The port pins are 
driven to their reset state as soon as a valid high is 
detected on the RST pin, le^odlera <ii whetho- the 
clock is running. 
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Figure 21. Reset Timing 
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While the RST pin is high, the port |»ns, ALE and 
PSEN are weakly pulled high. After RST is p ulled lo w, 
it will take 1 to 2 machine cycles for ALE and PSEN to 
stiot elodcing. For this reason, other devices can not be 
synehronized to the internal timings of the CSIRX. 



Driving the ALE and PSEN pins to while reset is 
active could cause the device to go into an indetermi- 
nate stete. 

The internal reset algorithm redefines all the SFRs. Ta- 
ble 1 lists the SFRs and their reset values. The internal 
RAM is not afTected by reset. On power Qj^ flie RASf 
content is indeterminate. 



9.1 Power-On Reset 

OIMOS devices, when VCC is turned on, an auto- 
matic reset can be obtained by connecting the RST pin 

to VCC through a 1 /xF capacitor (Figure 22). The 
CHMOS devices do not require an external resistor like 
the HMOS devices because they have an internal pull- 
down on the RST pin. 

When power is turned on, the circuii holds the RST pin 
high for an amount of time that depends on the capaci- 
tor value and the rate at which it charges. To ensure a 
valid reset the RST pin must be held high long enough 
to allow tbe «sdM^ to start up plus two machine 
cyclra. 
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Figure 22. Power on Reset Circuitry 



On power up, Vcc should rise within approximately 
ten milliseconds. The oscillator start-up time will de- 
pend on the oscillator frequency. For a 10 MHr crystal, 
the start-up time is typically 1 msec. For a 1 MHz 
ciystA Ibe start-itplime is typically 10 msec. ■ 

With the given circuit, reducing V^c <|uidcfy to caus- 
es the RST pin voltage to momentarily &11 below OV. 
However, this voltage is internally limited and will not 
harm the device. 



Note that the port pins will be in a random state until the 
oscillator has started and the internal reset algorithm 
has written Is to them. 

Powering up the device without a valid reset could 
cause the CPU to start executing io^xuctions from an 
indeterminate location. This is becnuse the SFRs, spe- 
cifically the Program Counter, not get properly 
initialized. 



10.0 POWER-SAVING MODES OF 
OPERATION 

For applications where power consumption is critical, 
the C51RX provides two power reducing modes of op- 
eration: Idle and Power Down. The input through 
which backup power is supplied during these opera- 
tions is Vcc- Figure 23 shows the internal circuitry 
which implements these features. In the Idle mode 
(IDL = 1), the oscillator continues to run and tiie In- 
terrupt, Serial Port, PCA, and Timer blocks continne 
to be clocked, but the clock signal is gated off to the 
CPU. In Power Down (PD = 1), the oscillator is fro- 
zen. The Idle and Power Down modes are activated by 
setting bits in Special Functicm Ratter PGDN (Table 
20). 



10.1 Idle Mode 

An instruction that sets PCON.O causes that to be the 
last instruction executed before going into the Idle 
mode. In the Idle mode, the intenul dock dgnal is 
gated off to the CPU, but not to the Interrupt, Timer, 

and Serial Port functions. The PCA can be pro- 
grammed either to pause or continue operating during 
Idle (refer to the PCA section for more details). The 
CPU status is preserved in its entirety; the Stack Point- 
er, Program Counter, Program Status Word, Accumu- 
lator, and all other registers maintain their data during 
Idle. The port pins hold the logical stat es they had at 
the time Idle was activated. ALE and PSEN hold at 
logic high levels. 

There are two ways to terminate the Idle Mode. Activa- 
tion of any enabled interrupt will cause PCX)N.O to be 
cleared by hardware, terminating the Idle mode. The 
interrupt will be serviced, and following RETI the next 
instruction to be executed will be the one following the 
instruction that put the device into Idle. 

The flag bits (GFO and GFl) can be used to give an 
indication if an interrupt occurred during normal oper- 
ation or during Idle. For example, an instruction that 
activates Idle can also set one or both flag bits. When 
Idle is terminated by an interrupt, the interrupt service 
routine can examine the flag bits. 
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The other way of terminating the Idle mode is with a 
hardware reset. Since the clock oscillator is still run- 
ning, the hardware reset needs to be held active for only 
two DsMnBe'CfelK CM cM^Ebtor period^ to conytete 
the reset. 
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The signal at the RST pin clears the IDL bit directly 
and asynchronously. At this time the CPU resumes 
program execution from where it left off; that is, at the 
iBstruction following the one that invoked the Idle 
Mode. As shown in Figure 21, two or three machine 
cycles Of program execution may take place before the 
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ngure 23. Idle and Power Down Hardware 
Table 20. PCON: Power Control Reglstn- 



PCON 



Address = 87H 



Not Bit Addressable 



Reset Value = OOXX OOOOB 





SMOD1 


SMODO 




POF 


GF1 


GFO 


PD 


IDL 


m 


7 


6 


5 


4 


3 


2 


1 





Symbol Function 

















SMOD1 Double Baud rate bit. When set to a 1 and Timer 1 is used to generate baud rates, and the 
Serial Port Is used in modes 1 , 2, or 3. 

SMODO When set, Read/Write accesses to SCON. 7 are to the FE bit. When clear, Read/Write 
accesses to SC0N.7 are to the SMO bit. 

— Not implemented, reserved for future use.* 

POF Power Off Flag. Set by hardware on the rising edge of Vcc- Set or cleared by software. This 
vftig allows detection of a power failure caused re^ Vcc remain above 3V to retain 

GF1 General-purpose flag bit. 
GFO General-purpose flag bit. 

PD Power Down bit. Setting this bit activates Power Down operation. 
IDL Idle mode bit. Setting this bit activates idle modes operation. 

If 1 s are written to PD and IDL at the same time, PD takes precedence. 

NOTE: 

*User software stKXjId not write Is to unimplemented bits. These tiits may be used in future 8051 family products to 
invoke new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. 
The value read from a reserved bit is indeterminate 
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internal reset algorithm takes control. On-chip hard- 
ware inhibits access to the internal RAM during this 
time, but access to the port pins is not inhibited. To 
eliminate the possibility of unexpected oot^ts at the 
port pins, the instruction following the cme ttat invdtes 
yBie libaidd not be one that writes to a pott pa or to 
extwHi Baita RAM. 

10.2 Power Down Mode 

An instruction that sets PCXJN.l causes that to be the 
last instruction executed before going into the Power 
Down mode. In this mode the on-chip oscillator is 
stopped. With the clock frozen, all functions are 
stopped, but the on-chip RAM and Special Function 
Registers are held. The port pins output t he valu es held 
by their respective SFRs, and ALE and PSEN output 
lows. In Power Down V^c can be reduced to as low as 
2V. Care must be taken, however, to ensure that Vcc is 
not reduced before Power Down is invoked. 

The C51RX can exit Power Down with either a hard- 
ware reset or external interrupt. Reset redefines all the 
SFRs but does not change the on-chip RAM. An exter- 
nal interrupt allows both the SFRs and the on-chip 
RAM to retain their values. 

To properly terminate Power Down the reset or exter- 
nal interrupt should not be executed before Vcc 
restored to its normal operating level and must be held 
active long enough for the oscillator to restart and sta- 
biBze (ndtmaily less than 10 msec). 

With an external interrupt, INTO or INTl must be en- 
abled and configured as level-sensitive. Holding the pin 
low restarts the oscillator and bringing the pin back 
high completes the exit. After the RETI instruction is 
executed in the interrupt service routine, the next in- 
struction will be the one following the instruction that 
pitt Ae device in Power Down. 

Pdvrar Off Flag 

The Power Off Flag (POP) located at PCON.4, is set 
by hardware when Vcc rises from to 5 Volts. POF 
can also be set or cleared by software. This allows the 
user to distinguish between a "cold start" reset and a 

A cold start reset is one that is coincident with Vcc 
being turned on to the de^ce after it was turned off A 
warm start reset occurs while Vcc 's still applied to tite 
device and could be generated, for example, by a 
Watchdqg Tiaux or an exit fiom Power Down. 



Intel. 

Immediately after reset, the user's software can check 
the status of the POF bit. POF = 1 would indicate a 
cold start. The software then clears POF and ctnn- 
mences its tadcs. POF = immediately after reset 
would indicate a warm start. 

Vcc must remain above 3 volts for POF to retain a 0. 
11.0 ALE DISABLE 

ALE operation can be disabled by setting Int of 
AUXR SFR (08EH). With this bit set, ALE is active 
only during a MOVX or MOVC in^niction. Otherwise 
the pin is weakly pulled high, ^tting the ALE-disable 
bit has no effect if the microcontroller is in external 
execution mode. 

12.0 EPROM VERSIONS 

The 8XC51RA/RB/RC uses the Improved "Quick- 
Pulse" programming algorithm. These devices program 
at Vpp = 1 2.75V ( and Vcc ~ 5.0V) using a series of 
five 100 fis PROG pulses per byte programmed. This 
results in a total programming time of approximately 5 
seconds for the 87C51RA's 8 Kbytes, 10 seconds for 
the 87C51RB's 16 Kbytes, and 20 seconds for the 
g7CSlRC's 32 Kbytes. 

Exposure to Light: The EPROM window must be cov- 
ered with an opaque label when the device is in opera- 
tion. This is not so much to protect the EPROM array 
from inadvertent erasure, but to protect the RAM and 
other on-chip logic. Allowing light to impinge on the 
siUcon die while the device is operating can cause logi- 
cal malfuncttoa. 

13.0 PROGRAM MEMORY LOCK 

In some microcontroller applications, it is desirable 
that the Program Memory be secure from software pi- 
racy. The C51RX has varying degrees of program pro- 
tection depending on the device. Table 21 outlines the 
lock schemes available for each device. 

Encryption Array: Within the EPROM/ROM is an ar- 
ray of encryption bytes that are initially unprogrammed 
(all I's). For EPROM devices, the user can program 
the encryption array to encrypt the program code bytes 
during EPROM verification. For ROM devices, the 
user submits the encryption array to be programmed by 
the factory. If an encryption array is submitted, LBl 
will also be programmed by the factory. The encryption 
array is not available without the Lock Bit. Program 
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code verification is performed as usual, except that each 
code byte comes out exclusive-NOR'ed (XNOR) with 
one of the key bytes. Therefore, to read the 
ROM/EPROM code, the user has to know the encryp- 
tion key bytes in their proper sequence. 

Unprogrammed bytes have the value OFFH. If the En- 
cryption Array is left unprogrammed, all the key bytes 
have the value OFFH. Since any code byte XNOR'ed 
with OFFH leaves the byte unchanged, leaving the En- 
cryption Array unprogrammed in effect bypasses the 
encryption feature. 

When using the encryption array feature, one impor- 
tant factor should be considered. If a code byte has the 
value OFFH, verifying the byte will produce the encryp- 
tion byte value. If a large block ( > 64 bytes) of code is 
left unprogrammed, a verification routine will display 
the encryption array contents. For this reason all un- 
used code bytes should be programmed with some val- 
ue other than OFFH, and not all of them the same val- 
ue. This will ensure maximum program protection. 

Program Lock Bits: Also included in the Program 
Lock scheme are Lock Bits which can be enabled to 
provide varying degrees of protection. Table 22 lists the 
Lock Bits and their corresponding influence on the mi- 
crocontroller. Refer to Table 2 1 for the Lock Bits avail- 
able on the various products. The user is responsible for 
programming the Lock Bits on EPROM devices. On 
ROM devices, LBl is automatically set by the factory 
when the encryption array is submitted. The Lock Bit 
is not available without the encryption array on ROM 
devices. 



Table 21. C51RX Program Protection 



Device 


Lock Bits 


Encrypt Array 


83C51RA 


None 


None 


83C51RB 


LB1 


64 Bytes 


83C51RC 


LB1 


64 Bytes 


87C51RA 


LB1, LB2, LB3 


64 Bytes 


87C51RB 


LB1,LB2, LBS 


64 Bytes 


87C51RC 


LSI, LB2, LB3 


64 Bytes 



14.0 ONCE MODE 

The ONCE (ON-Circuit Emulation) mode facilitates 
testing and debugging of systems using the CSIRX 
without having to remove the device frott the circuit. 
The ONCE mode is invoked by: 

1. Pulling ALE low while the device is in reset and 
PSEN is high; 

2. Holding ALE low as RST is deactivated. 

While the device is in ONCE mode, the Port pins go 
into a float state, and the other port pins, ALE, and 
PSEN are weakly pulled high. The oscillator circuit 
ronains active. While the device is in this mode, an 
emulator or test CP0 can be used to drive the circuit. 

Normal operation is restored attet a YtiM reset is ap- 
pUed. 



Table 22. Lock Bits 



Program Lock Bits 


Proteetton Type 




LBl 


LB2 


LB3 


1 


U 


U 


U 


No progratn lock features enabled. (Code Mi% will stW be encrypted by the 
encryption array If programmed.) 


2 


P 


U 


U 


Move Instructions executed from external pn^ram memory are disabled from 
fetching code bytes from internal memory, EA Is sampled and latched on 
reset, and further programming of the EPROM is disabled. 


3 


P 


P 


u 


Same as 2, also verify is disabled. 


4 


P 


P 


P 


Same as 3, also external execution is disabled. 



P = Programmed 
U = Unprogrammed 

Any other combi^ratlon of the Lock Bits Is not defined. 
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15.0 ON-CHIP OSCILLATOR 

The on-chip oscillator for the CHMOS devices, shown 
in Figure 24, consists of a single stage linear inverter 
intended for use as a crystal-controlled, positive reac- 
tance oscillator. In this application the crystal is operat- 
ing in its fundamental response mode as an inductive 
reactance in parallel resonance with capacitance exter- 
nal to the crystal (Figure 25). 

The oscillator on the CHMOS devices can be turned off 
under software control by setting the PD bit in the 
PCON register. The feedback resistor Rf in Figure 24 
consists of paralleled n- and p-channel FETs controlled 
by the PD bit, such that Rf is opmed when PD = 1. 
1^ j^Mes Dl and D2, which act as clamps to Vcc 
sHtf V^ «M paiasitic to the Rf I^s. 

The crystal specifications and capacitance values (CI 
and C2 in Figure 25) are not critical. 30 pF can be used 
in these positions at any frequency with good quality 
crystals. In general, crystals used with these devices 
typically have the following specifications: 

ESR (Equivalent Series Resistance) see Figure 27 

Co (shunt capacitance) 7.0 pF marimutn 

Cl (load capacitance) 30 pF ±3 pP 

Drive Level 1 MW 



Frequency, tolerance, and temperature range are deter- 
mined by the systoa requirements. 

A ceramic resonator can be used in place of the crystal 
in cost-sensitive applications. When a ceramic resona- 
tor is used, CI and C2 are normally selected as higher 
values, typically 47 pF. The manufacturer of the ceram- 
ic resonator should be consulted for recommendations 
on the values of these capacitors. 

A more in-depth discusraon of crystal specifications, ce- 
ramic resonators, and the selection of values fix CI aoA 
CI can be found in Application Note AP-I55, "Osdlla- 
tors for Microcontrollers" in the Embedded Applica^ 
tions handbook. 

To drive the CHMOS parts with an external clock 
source, apply the external clock signal to XTALl and 
leave XTAL2 floating as shown in Figure 26. This is an 
important difference from the HMOS parts. With 
HMOS, the external clock source is appUed to XTAL2, 
and XTALl is grounded. 

An external oscillator may encounter as much as a 
100 pF load at XTALl when it starts up. This is due to 
interaction b^ween the amplifier and its feedback ca- 
pacitance. Onee the external signal meets the Vix. and 
Vq] specifications the ci^adtaoee will not exceed 
20 pF. 
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Figure 24. On-Chip OneHbitor Clreuttry 
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Figure 26. Driving tlie CHMOS Parts witli an 
Eittemal Cloeic Source 



16.0 CPU TIMING 

The internal clock generator defines the sequence of 
states diat make up a machine cycle. A machine cycle 
oo^ists of 6 states, numbered SI through S6. Each 
sUte time iiB^ %r two oscillator periods. Thus a ma- 
chine cy«te:SdM feoscillator periods or 1 microsecond 
if the oscteiK ^eegaeaey is 12 MHz. Each state is then 
divided into a I%ase 1 and Phase 2 lialf . 

Rise and fall times are dependent on the external load- 
ing that each pin must drive. Tbey are a{^roxiinately 
10 nsec, measoied lietween 0.8V and 2.0V. 

Propagation delays are different for different pins. For 
a given pin they vary with pin loading, temperature, 
Vco ™^ manufacturing lot. If the XTALl waveform 
is taken as the timing reference, propagation delays 
may vaig, ^ to 125 nsec. 

The AC Timings section of the data sheets do not refer- 
ence any timing to the XTALl waveform. Rather, they 
relate the critical edges of control and input signals to 
each other. The timings published in the data sheets 
include the effects of propagation delays under the 
specified test condition. 




Figure 27. ESR vs Frequency 



ADDITIONAL REFERENCES 

The following application notes provide supplemental 
information to this document and cmi be found in the 

Embedded Applications handbook. 

1. AP-125 "Designing Microcontroller Systems for 
Electrically Noisy Environments" 

2. AF-ISS "OsdnatoR for Micnjcaatrollers" 

3. AP-252 "Designing with the 80C51BH" 

4. AP-410 "Enhanced Serial Port on the 83C51FA" 

5. AP-415 "83C51FA/FB PCA Cookbook" 

6. AB-41 "Software Serial Port Implemented with the 
PCA" 

7. AP-425 "Small DC Motor Control" 

8. Hie api>ro|»iate data dieet. 
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